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AI] S’1’lLAC’l’

Onc of the largest known glitches has bccm dctcctcd  in the young pulsar I’SR  131757-24.

‘1’hc glitch occurrccl  around  MJ1)  4 9 4 7 6  a n d  w a s  charadcrizcd  by a. fradiona.1  incmasc

in rotation rate of 2 x ~ 0-6. It was followed by a small exponential-like rcla.xation  with

a timcsca.lc  of -40 days, together with a longer tcrrn rccovcry. SUCh large glitc.}]cs  IIavc

been seen in only about 6 other pulsars of the 700 presently known. ‘1’hc sim of the glitch

and the post-glitch bchaviour  arc similar to those of other pulsars of the same age. In

this pulsar, it seems that about 1.5% of the angular momentum of the pulsar  is rdcasd

to the crust of the neutron star erratically, suggesting that at least this fraction of the

rnomcnt  of inertia,  of the star is in the form of superfluid neutrons.



2 Lyric, A.G,
. .

. . “1 ]NrJ’]~()]]lJCT’J~N
I

I’SR 111757-24 (PSI{ J 1801- 2451) was  discovered during a search for pulsars associated with
.

supernova remnants (Manchester, 1) ’Arnico & ~’uohy 1985),  It has a. short p e r i o d ,  ] 25 ]ns,

a. characteristic age of only 15,500 yr (Manchester et al. 1991 ) and is located at the extreme

edge of the compact nebula G5.27-  0.90, which appears to be associated with the supernova

remnant  G5.4 - ].2 (Manchester et al. 199]; Yra.il & Kulkarni  199] ). It seelns that the pulsar is

responsible for the excitation of the compact nebula, and, by inference, both are moving at high

velocity away  from the remnant, although no direct confirlnation  of the direction of motion has

yet been  made.

Glitches are rare, occurring in only a few percent of the known pulsar population. Pulszm

with characteristic. ages of 10,000  50,000 yr are often found to display large glitches, while  both

younger and older ones show occasional mall glitches or none at all [McKenna & l,yne J 990;

l,yne 1992; Kaspi et al. 1994). Nor more than four years, PSR 1]1 757-24 has been nlonitored

u s i n g  the 76-in Jodrell IJank, 64-]n l’a.rkes  and  43-111 Green ]Iank radio telescopes.  T’he pulsar

displayed no evidence of glitch activity, but showed considerable timing noise, as well as a

large positive value of the frequency second derivative, suggmt.ing  that perhaps the pulsar was

recovering from a. glitch suffered prior to the c.oltl~r\c!llcc!~I1eI~t  of the observations. IIere we report

fur~hm timing observation which show the occurrclice  of a. very large glitch in April 1994.

2  OI]SIIWAT1ONS

observations at the 64-11) Pa.rkcs  and 76-In Jodrell IIank radio telescopes used cryogenic, dual-

channc] receivers. At Parkes, the two channels were sensitive to orthogonal linear polarisations

at a central observing frequency of ~ 520 MI] z. ‘J’he signals were filtered in a 2 x 64 x 5 Mllz mul-

tic.ha.nnel  filterbank,  detcc.ted and low-pass filtered. After sum~ning  the orthogonal polarisations

the signals were sampled at ~.2 nls intervals and recorded on In agnetic tape. !l’he  data from

difIerent frequency channels were subseque]li.ly  combined with appropriate delays to provide

dedispcrsed  tin]e sequences which were then folded  a.t the pulsar’s nominal topoc.eniric period,

producing a profile integrated over an interval of a. few minutes.

At Jodrell IIank, the channe]s were sensitive to the two hands of circular polarisation at

centra.]  observing frequencies close to 1404 or 1610 Mllz. I’he signals were filtered in a. 2 x 32 x 1

Ml] z multic.ha.nnel  filterba.nk, detected, added in polarisation pairs, dedispersed  and folded at
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‘the nominal topocentric  period on-line. A single  observation produced 6 profiles, each  resulting“!

fro]]] an integration over about 2 Ininutes. ‘1’hcxm  were later a.dclcd together to forl)l a single

. til]lc-tagged pulse profile.

At  Green l)a.nk,  the 140ft  telescope was  used at f r equenc i e s  around 800 and 1400 MIIz,

using the system described by A rzoumanian et al. (~ 994). orthogonal polarisations were a.nal-

yswl  in a digital Fourier transform spectrolneier  which produced 256 or 512 spectral channels

covering tots] bands of 20 or 40 MIIz respectively. After summing in polarisation pairs, each

spectral channel was  SyllChrOIIOUS]y  averaged into 128 phase bins covering the. pulse period and

subsequently combined with appropriate delays to provide a single declispersed  profile every 2-3

minutm.

Arrival times for the pulses were obtained by cross-correlation of the profiles with a standard,

lcjw-noise  te]nplate. ‘1’hese topoceni,ric arrival times were corrected to the baryc.entre of the

Solar System using the J 1’1, ephemeris lllt200 (Standish 1982)  and the nominal position of the

pu l sa r ,  name ly  RA(J2000)=  ~ 8h 01’” 00!223,  llec(JZ-?OOO) : -24° 51’ 27’’ .14  (Frail & Kulka.rni

J 991). Arbitrary but fixed delays between the observatories were removed prior to the global

fit.

Obsm-vations  of typically 5 15 Ininui,es  duration were  conducted over a. 5-year period with

separations of between about 1 day and 2 months. l’he rotational frequency of the pulsar was

obtained by performing local fits to the arrival t.i~]lc!s over ilLtervaJs of between 3 and 15 days.

l’ig.  ] a. shows the rotational frequencies versus ti~]le fc)r the full data set, while 11’ig. 1 b shows

the frequency after subtraction of the mean frequency at MJ D 49476 and a. constant value of

the first derivative. While the effect of the glitch is small compared with the normal slow- down

over the 5 years of observation (]~ig. 1 a), it is c.lcarly seen in Fig. 1 b and occurred sometime

during April 1994, ‘l’he last observation prior to the glitch was obtained at Jodrell IIank on

MJ 1) 49470, and the first observation after the glitch at I’arkes c)n MJ 1) 49482. ‘l’he ]Ilain effect

of the glitch is a spire up  in frequency with AvO/vO w 2 x 1 0 ’ 6 , I[la.king this a~llong the largest

glitc.hm  ever observed, the record being just over twice this value  (I,yne 1992). The large size

of the glitch and the 12-day  interval between observations prevented extrapolation of pre-glitc.h

a.rld post-glitch pulse arrival time ephemerides withc~ut pulse period a.lnbiguities, so that we can

only deduce that the glitch occurred solnetinle between the two dates. ~’he glitch is followed by

only a modest subsequent relaxation.

We have performed a series of fits of slowdown models to the arrival time data and have
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“qua. ntifiec? the glitch  in ‘l’able ~ which contains the pre-glit.  ch values of the frequency, vO, and its#

first two clcrivatives extrapolated t.o the epoch of ihc glitch, the analogous post-glitch values, the

insi,a.ntaneous c.hangcs  at the glitch, and the parameters of the subsequent relaxation. ‘J’here is a

rapid quasi-exponential decay occurring during the first 100 days after the glitch. ‘l’he observed

post-glitch frequency residuals A U can therefore be described as a function of the time, t, elapsed

since the epoch of the glitch, relative to the pre-glitc.h  ephmneris:

lb(i) z AVP -i Atipi -t Atipt2/2 + AVI ~- ‘“1 . (1)

‘l’he  long-ter]n  post-gl i tch relaxat ion fit given in !l’a.blc ~ shows that Avp = 15 .86(1)  ps and

AtiP : 30(2) HZ S- ‘ and includes an exponential of amplitude Avl = 0.08 ~ 0.03 p]lz, with a

characteristic time of T1 : 423 14 days. This rapid decay is also clearly seen in Fig. Jc which

shows the variation of the frequency first derivative, obtained froni  local fits to the arrival times

over  intervals of typical length 50 100 days. I’his  diagra]n also  shows a. lcmg terln r e l axa t ion

following the glitch. While there is substantial timing noise, typical of young pulsars, the present

trend in the derivative since t.hc glitch n~ixllic.s that just following the start of observations,

strongly suggesting that a glitch occurred just before that tilne, as speculated by Manchester

et al. (1991) .

l’it lnterva]
(MJ1)) (5UI )

Pre-glitch 4935049470 8.006939 574(6)
l’ost-g]itch 49482-49608 8.006955 509(3)
Glitch increment 0.000015 935(7)
Jjong-tcrln 49482-49950 8.006955 432(12)

. .
Residual

(]0- 1: s- 2) (Jo’  p: s-~) (/is)
8 1 7 7 . 5 ( 1 4 )  -  2 2 0 ( 2 2 0 ) 125
8223.0(12) 1930(200) 132

4 6 ( 2 ) 2 1 5 0 ( 3 0 0 )
8207(1 ) 200(40) 510

g’nblc  1. Prc-glitc.h, pcwt-glitc.h,  g l i t c h  and long-ter]u rcla.xatio~l  pa.ra.lnetm-s f o r  t h e  glitch i n
I’SR 1]1 757-24, all of which are referred to the mid-point of the range of possible glitch epochs,
MJ 1) 49476.000. l’he long-term fit includes an exponential of amplitude 0.08(3) p]] z, with a
characteristic ti]ne of 42( ~ 4 ) days (see ltquation 1 ). T’he r.~il.s.  ti]ning residuals for each fit are
given in the last column. l’he quoted errors in parentheses are twice the forlna.1 errors in the
last quoted digit, inferred from a least squares fit tc) the tin]es of a.rriwd.

3 I J I S C 1 J S S 1 O N

~’he size of the glitch in rotational frcquenc.y  is similar to those of some glitches in other pulsars

with ages of 10,00050,000 years, and it semns  that the interval betweml such glitches is probably
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a few years also. We note that the glitch spin-up of 16 pllz is NI .5% of the slowdown occurring, ,,

in the ~ 4 years since the previous glitch event which probably c}ccurrccl just before  t.ilning

# observations of this pulsar  began. ‘l’his suggests that about 1.5% c~f the angular InoIncntuIn

flowing from the inside of the neutron star to the crust is not transferred s~[loothly,  but suddenly,

possibly in the catastrophic unpinning of neutron superfluid vortices (J]aym et a.]. 1969; Alpar

ct al. 1981 ). This value is very sinli]ar to that obtained for other pulsars, inclic.sting that at

least 1.5%  of the moment of inertia of the neutron star is ca.rriwl  by superfluid neutrons (l,yne

~ 992; ],ync, Shemar & Smith 1996).

Glitch  behaviour,  though of relevance to the study  of the neutron star interior, unfortunately

renders long-term timing observations of ]ittle usc  for determining accurate astrometric parame-

ters such as the position and proper motion, c.ruc.ial  in this case for assessing the association

of the pulsar with the supernova rm[lnant <;5.4 1.2. We also note that such a deterl!lination  is

~I1ade  even more difficult by the high level of ti]lling noise (Pig. 1 c), substantially greater t.ha.n

that seen in other pulsars of si]nilar age (Shelnar & I,yne  1996).  q’he issue of its position will

most likely be settled using interfcv-ometric  techniques.
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Figure  (:zi])tiorl

l“ig.1 a.) ‘l’he rotational frequency, v, of I’SR 111757-24 over a. 5-year period, b) with a frequency

of value 8.006940216 IIz on MJII 49476 and the cfIects of a constant first derivative of value

8175.8 x 10- 1511z s- ] subtracted and c) the frequency derivative 0. ]n each diagram, the

epoch of the glitch is indicated by all arrow. Most of the measurement errors are smaller

than the size of the sylnbols.
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